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Integrating Different —Omics Approaches can Reveal insight
into Biological Systems of Disease
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Serial-Omics (Lipidomics) workflow
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Speed-Vac Dry
Resuspend in 50/50 IPA/MeOH

extraction

Top Layer: Non-polar Lipids
Middle Layer: Polar Metabolites
Pellet: Protein, DNA

i\

Speed-Vac Dry
Resuspend in H,0

Peptides/Phosphopeptides
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lysis buffer
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DDA, HCD, +/- switch, RP-C18

LipidSearch software
Elements software
MetaboAnalyst

185 13C/*N targets, Amide-HILIC Digest with Trypsin
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MetaboAnalyst
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Glycolysis
Tc;\kyde Fatty Acid Synthesis
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Acetyl-coA

l ACC Lipid Arrays

Malonyl-coA

FAS
y SCD1
Palmitate (C16:0) ———> Palmitoleate (C16:1) —

desaturation increase insulin sensitivity (high conc. in liver)
elongation * inhibit the destruction of insulin-secreting pancreatic beta cells
\ SCD1

Stearate (C18:0) ———> Oleate (C18:1) —> TG

desaturation
elongation

Arachidate (C20:0) gesaturation EiCOSENOate (20:1) —
\

Membrane structure

* Mostly present as triglycerides (olive oil, animal fat, etc.)
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Thermo LipidSearch MS2 Based Identification Process
MS1 chromatogram MS2 spectrum
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18 lipid classes and 66 subclasses can be identified via LC-MS/MS and LipidSearch

Lipid Family

Lipid Class

Abr.

P-Choline

P-Ethanol Amine

P-Serine

P-Glycerol

P-Inositol

P-Ethanol

P-Acid

P-Methanol

Sphingolipids

Neutral glycerolipid

Fatty Acid

Cardiolipin
Sphingoid base

Glycosphingolipids

lysophosphatidylcholine
platelet-activating factor
phosphatidylcholine
lysophosphatidylethanolamine
lysodimethylphosphatidylethanolamine
phosphatidylethanolamine
dimethylphosphatidylethanolamine
lysophosphatidylserine
phosphatidylserine
lysophosphatidylglycerol
phosphatidylglycerol
lysophosphatidylinositol
phosphatidylinositol
phosphatidylinositol
phosphatidylinositol
phosphatidylinositol
lysophosphatidylethanol
phosphatidylethanol
lysophosphatidic acid
phosphatidic acid

cyclic phosphatidic acid
lysophosphatidylmethanol
phosphatidylmethanol
sphingomyelin
sphingomyelin(phytosphingosine)
monoglyceride

diglyceride

triglyceride

fatty acid
(O-acyl)-1-hydroxy fatty acid
Cardiolipin

Sphingoshine

Sphingoshine phosphate
Ceramides

Ceramides phosphate
Gangliosides

Gangliosides

Gangliosides

Gangliosides

Gangliosides

Gangliosides

LPC

PAF

PC

LPE
LdMePE
PE
dMePE
LPS

PS Neutral Glycosphingolipids
LPG

PG

LPI

Pl

PIP

Coenzyme
Glycoglycerolipid

Gangliosides

Gangliosides

Gangliosides

Gangliosides

Gangliosides

Gangliosides

Gangliosides

Gangliosides

Simple Glcseries

Simple Glcseries

Simple Glc series

Simple Glcseries

Simple Glcseries

Simple Glcseries

Cholesteryl Ester

zymosteryl

Stigmasteryl ester

Sitosteryl ester

Coenzyme
Monogalactosylmonoacylglycerol
Monogalactosyldiacylglycerol
Digalactosylmonoacylglycerol
Digalactosyldiacylglycerol
Sulfoquinovosylmonoacylglycerol
Sulfoquinovosyldiacylglycerol

GD3

GT1a

GT1b

GT1c

GT2

GT3

GQlc

GQlb

CerG1

CerG2

CerG3
CerG2GNAcl
CerG3GNAcl
CerG3GNAc2
ChE

ZyE

StE

SiE

Co

MGMG
MGDG
DGMG

DGDG

SQMG

SQDG

Output breaks down the lipid structure

Lipidlon

LipidGroup

Class FattyAcid

FA2  FA3

FA4 CalcMz

lonFormula

CL(14:0/16:0/16:0/16:1)-H
CL(14:0/16:0/16:1/16:1)-H
CL(14:0/16:1/16:1/16:1)-H
CL(14:0/16:0/16:0/18:1)-H
CL(14:0/16:1/16:0/18:1)-H
CL(14:0/16:1/16:1/18:1)-H
CL(16:1/16:1/16:1/16:1)-H
CL(16:1/16:1/16:1/16:1)-2H

CL(62:1)-H CL
CL(62:2-H  CL
CL(62:3)-H  CL

(14:0/16:0/16:0/16:1)
(14:0/16:0/16:1/16:1)
(14:0/16:1/16:1/16:1)
CL (14:0/16:0/16:0/18:1)
CL (14:0/16:1/16:0/18:1)
CL (14:0/16:1/16:1/18:1)
CL (16:1/16:1/16:1/16:1)

(16:1/16:1/16:1/16:1)

(16:0) (16:0) (16:1)
(16:0) (16:1) (16:1)
(16:1) (16:1) (16:1)
(16:0) (16:0) (18:1)
(16:1) (16:0) (18:1)
(16:1) (16:1) (18:1)
(16:1) (16:1) (16:1)
(16:1) (16:1) (16:1)

1321.918005 C71 H135017 P2
1319.902355 C71 H133 017 P2
1317.886705 C71 H131 017 P2
1349.949305 C73 H139 017 P2
1347.933655 C73 H137 017 P2
1345.918005 C73 H135 017 P2
1343.902355 C73 H133 017 P2

671.447539 C73 H132 017 P2




Lipidomics LipidSearch output from 10 mg Breast Tumor vs. Mammary Gland
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LPC(14:0)+Na
LPC(24:4)+H
LPG(16:0)-H

Cer(d18:0/16:0)+H
PE(16:0/16:0)-H
PC(15:0/18:1)+H

PC(38:4p)+Na
PC(30:0e)+H

PC(26:2e)+Na

DG(32:0p)+NH4
PC(16:0)+Na
LPE(22:3)-H
PC(28:0)+H
DG(52:0)+NH4
PC(32:3)+H
DG(17:1/18:2)+Na
DG(16:1/17:1)+NH4
PS(18:0/16:1)-H
DG(15:0/18:1)+Na
DG(18:3/18:2)+NH4

TG(15:1/18:2/18:2)+NH4
TG(4:0/18:2/18:3)+NH4
TG(6:0/17:0/18:1)+NH4
TG(6:0/14:0/18:1)+NH4
TG(4:0/17:1/18:2)+NH4

TG(18:3/18:2/18:3)+NH4

TG(16:1/18:3/18:3)+NH4
TG(4:0/16:1/16:1)+NH4
TG(6:0/16:1/18:2)+NH4
TG(4:0/16:1/18:2)+NH4 | |

Lipid Classes
M Vv Gland 1.5E+12
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. Breast tumor
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Summed Intensity
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Non- vs Phospho-Lipid

156412 Phospholipids are most enriched in

breast tumor (PC, PE, LPC, LPE, etc.)

1.0E+12

5.0E+11 Triglycerides/diglycerides are
0.0E+00 enriched in breast mammary gland

Summed Intensity




TSC2+/s oo 152/ o Clustering of TSC2 Lipidomics LipidSearch Data using

MetaboAnalyst
Biological replicates
RZ > 0.95
De Novo Lipid Synthesis Pathway
Ceramide Bl bgse
Ganglioside |eLT
g HK2 PI3K/Akt
PFK y
L GAPDH TSC2
| PGAM = mTORC1
PEP !
PC, LPA o LD |PKM2<+—NF-xB«—PKCe
yruvate
- lCF;iH Citrate
\ACLY FAS . SCD1 Unsaturated
DG, LPC Acetyl-CoA —» —» Fatty acids —» fatty acids
Phospholipids
Glutamate Membrane biogenesis
es\
Glutamine Tumor growth
. . Ru et al, Cancers 2013, 5(4), 1469-1484
Triglycerides

Top 225/>2,000 lipids Breitkopf et al, Metabolomics, 2017



Untargeted Metabolomics/Lipidomics using Elements Spectral Library
Matching Software (Proteome Software)
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The mammary gland and the breast tumor have significantly different metabolite profiles




| prefer MS2 fragmentation data in order to trust an identification

Even sub 1-2 ppm DB searches can be ambiguous in structure without MS2
Elements Search with HMDB (no MS2 hits)
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5 out of 16 reference masses were matched within 0.5 Da




Elements MS and MS/MS mixed search

Logse Intensity. 0 % Min#Samples| 1 |5 [#] Show Hidden

Quantitation | Principal Component Analysis | Heatmap

Attribute Mean

INCHIKEY:PX
HMDB:HM|
INCHIKEY
HMDB:HMI
INCHIKEY
INCHIKEY
HMDE:HMDE 10404
HMDB;HMI

Library Statistics

HMDB: 88,045 MS/MS (predicted and experimental), open access
mzCloud: ~200,000 filtered MS/MS spectra (Thermo)
Metlin: ~200,000 MS/MS spectra (XCMS online/Agilent)



How Do You Perform Informatics of Lipid Data?

Elements NIST/HMDB IDs LipidSearch lipid composition
INCHIKEY:CORCYSWIDKFRAW-HIVNOOBXSA-N PC(16:0/18:1)

|

Convert to KEGG/HMDB using online tools (Fiehn) Search LipidMaps for LipidMaps ID

MetaboAnalyst Pathway Enrichment/Mapping LipidMaps ID links to HMDB/KEGG

Pathway Enrichment

Metabolite Sets Enrichment Overview

Identified Pathways

Pathway Name [ p -log(p) |Holm p| FDR | Impact

Pathway Mapping

CYSTEINE METABOLISM

Sphingolipid metabolism : ¢ Q0069634 4.9671 0.571 0.5710.04261

Glycerophospholipid metabolism 3 3 ) o 2.2738 1.0 1.0 |0.25525
Linoleic acid metabolism . JD&: 1.5689 1.0 1.0 (0.0

GLUTATHIONE METABOLISM
P value

alpha-Linolenic_acid metabolism . 395 1.2181 1.0 1.0 0.0
0.86504 1.0 1.0 |0.0439

Pantothenate and CoA biosynthesis 5 33 0.81347/1.0 1.0 |0.32653

SPHINGOLIPID METABOLISM

Tryptophan metabolism ! 45603 0.7852 1.0 1.0 0.11562
Folate biosynthesis B 0.46476 0.76623 1.0 1.0 0.0

FOLATE AND PTERINE BIOSYNTHESIS

Pentose and glucuronate interconversions 0.46476 0.76623 1.0 1.0 (0.2
Starch and sucrose metabolism 0.52434 0.645621.0 1.0

GLUTAMATE METABOLISM

Glutathione metabolism : 0.63919 0.447561.0 1.0

Arachidonic acid metabolism 3 0.75748 0.277761.0 1.0

TRYPTOPHAN METABOLISM

Drug metabolism - cytochrome P450 5 0.8914 0.11497/1.0 1.0

Pathway Impact
0.00 0.05 0.10 0.15

Fold Enrichment



Serial-Omics on Mouse Breast Tumor vs Mammary Gland Tissue

TMT Labeling 30 mg tissue

TNT-126
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PC(6:0/18:0)+H’ /1 “PE(4:0/15:2)-H

TG(25:1/18: /18 T NHA ot G(16:0/20:4)+NH4
PE(22:4/22:6)-H

Distribution Lipids
1,814 Lipids identified

=]

Log10 (Intensity)

Logl0{Intensity)

Distrubution of untargeted Metabolites

4 T T

15.00 -10.00 75.‘00 0.00 5.00 15.00 20100 330 metabolites

4.5

Log2(Breast Tumor/M.Gland)

4.3 Mmethytpyrazine
4-Aminopyridine§
41 Tsopropylmaleate

Phthalic acid
icini
N . /3-Methyl ne
3 7Terephtha||c acid” Ly 1 " .-2-((3-Cyano-4,6-dimefhyl-2-pyridinyl)oxy)acetamide
Glycerol tripropanoate> Succinylacefone: "Yf;ll%c:;cphusPhOChclinet:nyosmme
T | -Methoxypyrene i
DiavdSaine ‘ ‘ ‘ pretenyp ‘ nethy
0.6 0.4 0.2 o] 0.2 0.6 0.8 1 1.2
jardiogenol € Log2 (Breast tumor/ M. Gland)

[N2-Methylguanine
2,N2-Dimethylguanosine
I-L-glutaming

A

Log (intensity)

w
o
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Integration of Serial-Omics Data

+ xanthine

Uric acid

2,3-dihydroxybenzoic acid *
histidine « - 2PY
* Ng,NG-dimethyl-L-arginine

deoxyribose-phosphate *

iMP - asparagine - lysine
MET25;517% « cholesteryl sulfate
FXPHS; i«muu"d'"E

e sw_l 1384,5388]t389, 5394- .. N-acetyl-glucosamine
BTiCyass o CALX;s582

. CORIN;t1105
P srtn:;,,qus,gun 1074 »
- MROZW"' CEP70

ATR3; £
nqu BK16 > MLF2

assver, quinolinate «

NPRH:IQ:J@Q%?&E:WI o
pﬁﬁﬂﬂ'l.ugIECr\e,Irate .

K2CEA =
TBB1

= HS71A
HS71L

MET25:t462,y467 *
PLIN1
phosphoenolpyry

MTP

ZA 03 s .

CELRZ;s1041

REIvhisdt -,

§12A3;s865 ®
.
Tetranor-PGD1 PE{Pa-IS:Dllg:EI]

,27-dimethyl-1a
ACINR (Or 3D
PC(0:16:/2:0) z ol

TG(18: w&gnlé%ﬂ\péily Dl Furostane'skeleton  pg(p.16:0/0:0)

26,27-dimethyl-24a-homg=-¥ X zzm5""‘;:]2;0?’(&!n-decannylcarnltlnoc(lll:1/22:1)
1a,208,25- [OHISDS TG/ Tos0fag:)

MGAP;s843
NCBP3;t54%,

LysoPE(0:0/20:3)

5
Log2(norm BT/MG)

@ Protein Lipid @ Phosphosite @ Metabolite

10 mg tissue

P53-/-, Brcal-/-

1,550 lipids

750 metabolites

7,500 proteins

1,071 unique phosphosites
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Glucose

PPP Glycolysis
6 PGDL<—Glucose thosphate
6 F}L’DG Fructose 6 Phosphate

W v
R5P 1,6 Fructose-Bisphosphate Mouse breast tumor
v v .—‘
SBP DF\E\P

v .
Fructose 6 Phosphate 1,3 Diphosphoglycerate

Vi
Nuc\ébotTdes 2,3 Diphosphoglycerate

DPTOR IMP, UMP, TP v
RICTOR mTOR mTOR RAPTOR A’TP, 1‘I:P 3 Phosphoglycerate——2 Ser, Gly, Cys

WV
Vi GTP, XTP Phosphoenolpyruvate—> Trp, Tyr,Phe
W
Lactate"rpyruvate% Ala, Leu, Val

Acetyl LoA

“ 43¢, l%Asp, Lys, Met, lle, Thr, P53-/- Brcal-/-
\‘ ¢ 1/ Citsate ’

FA Synthesis: Maf ate CA Isocitrate

\ :
4 Lipolysis 16:0,16:1, 18:0, ! : ~GIn, Glu, His, Pro, Arg
Trggsfscrlgtlczg o o ogprh 18:1,18:2,18:3 Funkrate  Succinate
ipo2PL . . ts -

ﬁ_{ﬁg}fp%z Pr'r\r}l?—rca p/?GTG TG\ 20:1,20:4 L-Arg-Sactifate

PTRFPS42  HNRNPDPSS3 TG g Ty

EDRF1PY936 BCLAF1PS656 / Lipid \ L—Argi,nine ep

PELP1PS13 1 Pl|N4

YBOX3 ' Droplet 1 Urea Citr'lu\me
l/ \DAG DAG/ Fuma‘rate

PL‘INI’PEH“ Phospholipids L\Jraa.___ |th|ne
glicinﬁ LPC, PC . t\l, Polyamine
Ybx1 utrescine
Srrm1/295395 LPE, PE

THRAP;gfg“Wﬁ PI, LPEt Sper‘rl%idine
¥

RBMXIﬁéI.f?E“ PG, LPG Spermine

SRSFGPS203

G3Bp1rs23l

Nucleu Cytoplasm

mm R(BT/MG)<0 Down-regulated in breast tumor
= R(BT/MG)>0 Up-regulated in breast tumor
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Our Goal is To Perform Tri-Omics from Single Tumor Biopsies

Typical Needle Biopsy Methyl tert-butyl ether (MTBE)
Mainly used for lipid extractions

| Area to be
< = Y removed La bellng
N (13C/15N)

h_

oy

~ | Skin sample
e is removed

TMT

As little as 5-10 mg starting material

LC-MS/MS

Metabolomics, Lipidomics and Phosphoproteomics)
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